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Purpose: Most studies of  sutures used in vascular surgery have used steadily applied loads. 
But in vivo, sutures are subject o pulsatile pressures. Pulsatile pressures could weaken 
sutures, or they could be beneficial by helping to slide the suture, thereby equilibrating 
the tension between tmevenly tightened loops. This tudy examined the effect of  pulsatile 
pressures on the strength and movement of  polypropylene (Prolene) sutures. 
Methods: Segments of  pig thoracic aorta were cannulated and studied in a tissue bath in 
vitro at 37 ° C. A longitudinal arteriotomy was made and then dosed with running 6-0 
Prolene. Vessels were subjected to (1) no pressure; (2) 100 mm Hg steady pressure; or (3) 
112/65 mm Hg pulsatile pressure. After 48 hours the sutures were studied for breaking 
strength. In a second, separate set of  experiments, longitudinal arteriotomies were closed 
using running suture lines. These were constructed with either several oose loops or 
several overly tight loops. Fine wires were aff~ed to the suture loops to permit photo- 
graphic recording of  suture movement. 
Results: There was no difference in breaking force among 68 sutures that had been 
subjected to (1) no pressure; (2) 100 mm Hg steady pressure; or (3) 112/65 mm Hg 
pulsatile pressure. These also were no different han sutures that were not sewn into 
arteries. These findings indicate that neither steady nor pulsatile pressures weaken 
Prolene sutures. In the second set of  experiments, it was found that pulsatile pressure did 
cause movement of  suture lines where there were loose loops (p < 0.05). However, 
neither steady nor pulsatile pressures caused movement of  loops in suture lines that 
contained normal and overly tight loops. 
Conclusions: Neither steady nor pulsatile physiologic pressures weaken 6-0 Prolene 
sutures that have been used to close a longitudinal arteriotomy. These pressures can cause 
movement of  loose suture lines, but do not equilibrate the tension between normal and 
overly tight suture loops. Overly tight loops may place excessive load on a suture line. 
(J Vasc Surg 1997;26:1029-35.) 
Polypropylene sutures (Prolene) often are used 
by vascular surgeons to close arteriotomies. In the 
vast majority o f  cases the sutures have sufficient 
strength to withstand the distracting forces present 
after vessel closure, 1-2 but occasionally they may 
break. 3-i° When breakage occurs after carotid endar- 
terectomy, this usually results in a medical and med- 
icolegal catastrophe. Suture breakage is rarely publi- 
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cized because surgeons do not generally publish 
reports o f  their complications, especially when it in- 
volves legal action. However,  because of  our past 
studies, attorneys representing both surgeons and 
patients have approached the author (PBD) seeking 
opinions as to the cause of  suture breakage. None o f  
these cases has been published. In  virtually every 
case, suture breakage occurred a few hours after 
surgery, and in all cases within 48 hours. 
Many studies have been performed to evaluate 
the strength of  polypropylene sutures. In all o f  these 
studies, steady, nonoscillating loads were applied to 
determine their breaking force. However, after a 
suture has been used to close an arteriotomy it is 
subject to pulsatile pressures. These could have 
harmful or beneficial effects. Pulsatile pressures could 
induce material fatigue, thereby weakening the fila- 
ment. Conversely, pulsations could have a beneficial 
1029 
JOURNAL OF VASCULAR SURGERY 
1030 Dobrin etal. December 1997 
Table I. Four experimental groups for 
suture strength experiments 
Group A 
Group B 
Group C 
Group D 
Suture placed in the tissue bath without being 
sewn into artery. 
Suture used to close longitudinal rteriotomy; 
vessel remained inthe tissue bath 
unpressurized at 0 mm Hg. 
Suture used to close longitudinal rteriotomy; 
vessel pressurized in tissue bath with steady, 
nonoscillating pressure at100 mm Hg. 
Suture used to close longitudinal rteriotomy; 
vessel pressurized in tissue bath with 
sinusoidal oscillations of 112/65 mm Hg. 
effect by redistributing the tension in a suture line in 
which one or more loops may have been pulled too 
right. 
The purpose of the present study was to examine 
the effect of pulsatile pressure on (1) the breaking 
strength and (2) the movement of 6-0 Prolene su- 
tures used to close longitudinal arteriotomies. Size 
6-0 suture was studied because it is one of the most 
frequently used sizes of Prolene for closing carotid 
arteriotomies. 
MATERIAL  AND METHODS 
Effect o f  pulsatile pressure on suture strength. 
A 5.0 cm long segment of pig lower thoracic aorta 
was excised immediately after death. The vessels were 
1.25 + 0.38 cm in diameter. The animals had been 
properly and humanely cared for according to "Prin- 
ciples of Laboratory Animal Care" and the Guide for 
the Care and Use of Laboratory Animals (N IH  Pub- 
lication No. 86-23, revised 1985). The arterial seg- 
ment was cannulated at both ends with polyethylene 
catheters, and arterial branches were ligated with 3-0 
silk sutures except for one branch that was reserved 
for insertion of a polyethylene catheter. This catheter 
was fluid-filled and connected to a P23Dc Statham 
pressure transducer (Statham-Gould, Inc., Oxnard, 
Calif.). The vessel was restored to in situ length and 
immersed in a tissue bath containing normal saline 
solution held at 37 ° C. A longitudinal arteriotomy 
20 mm in length was made on the anterior surface of 
the vessel where there were no branches. This arteri- 
otomy was closed with a running 6-0 polypropylene 
suture (Prolene, Ethicon, Inc., Somerville, N.J. ) with 
a BV-1 needle. The suture line was begun just be- 
yond the distal end of the arteriotomy. It was tied to 
itself and run as a continuous uture to the proximal 
end of the arteriotomy, where it was again tied to 
itself. Bites were taken 1.0 mm from the edge of the 
arteriotomy and were advanced in 2.0 mm steps 
along the arteriotomy. Each suture line contained 
exactly 10 loops, plus a starring and final loop placed 
just beyond the ends of the arteriotomy. The end 
loop was tied to itself to finish the closure. During 
construction of the suture line, just suflScient tension 
was applied to bring the edges of the arteriotomy 
together to simulate the tension that is achieved and 
is satisfactory in patients during surgery. The actual 
force applied to the suture to do this was measured 
using a detachable friction-grip device connected to 
a Grass FT-03 force transducer (Grass Instruments, 
Quincy, Mass.). This recorded the force as the sur- 
geon lifted up on the filament o coapt the edges of 
the arteriotomy. Pull-up forces of 25 to 35 g were 
required to achieve coaptation. This also provided a 
typically "clinically satisfactory" closure that did not 
crush the edges of the arteriotomy, yet exhibited 
only minor leakage when the vessel subsequently was 
pressurized. The gripped portion of the suture was 
near the needle and was not incorporated into the 
final suture line. 
There were four experimental groups, as shown 
in Table I. After 48 hours the arteries were removed 
from the tissue bath, and each vessel was meticu- 
lously dissected from the suture. The sutures were 
straightened and then mounted in a testing appara- 
tus to measure brealdng forces. One end of the su- 
ture was tied to a Grass FT-03 force transducer. The 
other end was wrapped around a rod that was rotated 
by a slow electric motor to wind up the filament. This 
extended the suture at a rate of 6.80 mm/min  until 
the filament broke. 
Pulsatile pressures and the movement  of  su- 
tures with loose loops. A 20 mm long longitudinal 
arteriotomy was incised in segments of pig lower 
thoracic aorta. This arteriotomy was closed with a 
continuous 6-0 Prolene suture, with the suture tied 
to itself at the two ends of the arteriotomy. During 
closure of the arteriotomy, the pull-up forces needed 
to coapt the edges of the arteriotomy were measured 
with the friction grip device. Two loose suture loops 
were deliberately produced to test our ability to de- 
tect suture movement. In this experiment pull up 
forces of 25 to 35 g were applied to each loop to 
provide "normal" loop tensions. However, two 
loops in the middle of the suture line were deliber- 
ately made too loose. These were produced by plac- 
ing a 1.10 mm diameter od beneath the loops be- 
fore lifting the suture to measure and set the pull-up 
forces to 25 to 35 g. The rods were removed after the 
suture line was constructed, leaving the two loose 
loops with a small "air space" visible beneath the 
loose loops. This produced asuture line consisting of 
two normal loops tied at the extreme ends, eight 
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Fig. h Breaking forces for four groups of sutures showing mean + SEM. No significant 
differences between groups. 
normal loops, and two loose loops placed near the 
center of the suture line. 
To measure movement of the suture loops, seg- 
ments of 0.05 mm diameter malleable stainless teel 
wire (Fort Wayne Metals Research Products Corp., 
Fort Wayne, Ind.) were placed beneath each loop as 
the suture line was being constructed. When the 
arteriotomy was completed, the stainless teel wires 
were tied to the polypropylcne suture loops. Excess 
wire was cut off, and the remaining tiny knots served 
as visible markers for detection of suture movement. 
Photographic transparencies were obtained of the 
suture line using a macro close-up lens. The vessels 
were subjected to steady pressures, then pulsatile 
pressures, then steady pressures again, each for 12- 
minute periods. Sinusoidal oscillating pressures con- 
sisted of 112 _+ 8 mm Hg "systolic" pressure/ 
65 _+ 8 mm Hg "diastolic" pressure for 12.4 _+ 1.8 
minutes (mean _+ SEM). Photographs were obtained 
at each steady pressure and each pulsatile pressure. 
Photographic transparencies were projected at 22X 
magnification. The magnified suture lines with their 
stainless teel knots were clearly visible. These were 
drawn to compare the portion of the knots at each 
pressure. Data were evaluated statistically by deter- 
mining how many of the loops at each location 
moved in any given direction. The binomial test 1] 
was used for these determinations. I f  a given loop 
moved in one direction (upward or downward) in all 
of  the seven experiments, this has a probability of 
0.008 on the basis of chance. I ra  given loop moved 
in one direction (upward or downward) in six of the 
seven experiments, this has a probability of 0.062. 
Therefore, only these two frequencies--seven out of  
seven, and six out of seven- -of  unidirectional move- 
ments were accepted as statistically significant move- 
ments of the suture. Five out of seven unidirectional 
movements has a probability of 0.22. These were not 
accepted as statistically significant movements. 
Pulsatile pressures and the movement  o f  su- 
tures with t ight loops. In a second experiment, he 
above procedure was performed except hat the two 
loose loops were not produced. Instead, five consec- 
utive suture loops were pulled up to normal forces of 
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Fig. 2. Position of seven suture lines with loose loops. Mean + SEM. *Significant difference 
(p < 0.05) between knot position at 150 mm Hg steady pressure compared with position at 0 
mm Hg. **Significant difference (p < 0.05) between knot position at 150 mm Hg pulsatile 
pressure compared with position at 0 mm Hg. ***Significant difference (p < 0.05) between 
knot position at 150 mm Hg pulsatile pressure compared with 150 mm Hg steady pressure. See 
Results section for further description. 
25 to 35 g and five other consecutive loops were 
deliberately pulled up to forces that were too tight, 
that is, 160 to 170 g. The experiment then pro- 
ceeded as described above to determine whether 
pressures would relieve the suture tension, redistrib- 
uting the load from the fight to normal oops. Statis- 
tical evaluation was performed using the binomial 
test as described above. 
RESULTS 
Effect of  pulsatile pressure on suture strength. 
Fig. 1 summarizes the breaking forces for the four 
groups of  sutures held at 37 ° C for 48 hours. The 
first group shows data for 19 sutures that had not 
been sewn into a vessel. The second group is for 19 
sutures that had been used to close an arteriotomy 
but were not exposed to pressure. The third group is 
for 16 sutures used to close an arteriotomy in which 
the vessel had been subjected to 100 mm Hg steady 
pressure for 48 hours. The fourth group is for 14 
sutures used to close an arteriotomy in which the 
vessel was subjected to pulsatile pressures. The 
breaking forces for the four groups were remarkably 
similar. Comparison of the mean breaking forces 
(+SEM) by analysis of variance demonstrated no 
statistically significant differences among the four 
groups. These data show that neither use in closing a 
longitudinal arteriotomy nor exposure to steady or 
to pulsafile pressures decreased the breaking force of 
6-0 Prolene sutures. 
Pnlsafile pressures and the movement  of  su- 
tures with loose loops. Fig. 2 shows the movement 
of suture loops for seven longitudinal arteriotomies 
that were closed with continuous 6-0 Prolene su- 
tures. Movement of the knots is shown relative to 
their original position on closure of the arteriotomy, 
before pressurization. The two anchoring loops at 
the ends of the suture line were circular in configura- 
tion and were tied to themselves. They did not move. 
The filled circles on the horizontal ine show the 
location of the stainless teel marker knots at 0 mm 
Hg after completion of the suture line. Some of the 
suture loops slid slightly through the tissue, causing 
the wire knots to move upward or downward, away 
from their original position. The data depicted with 
filled, inverted triangles show the position of  the 
marker knots at 150 mm Hg steady pressure. The 
data show mean _ SEM. The single asterisks indicate 
that there was statistically significant movement of  
several suture loops at 150 mm Hg steady pressure 
relative to their position at 0 mm Hg, that is, the 
filled circles. One of the two loose loops moved 
almost 0.3 mm downward. This caused some of  the 
loops under normal tension to move upward 0.15 
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Fig. 3. Position of seven suture lines with tight loops. Mean -+ SEM. None of the knot 
positions were significantly different. Indicates no suture movement. 
mm. The loop under normal tension immediately to 
the left of the loose loop also moved downward. 
These data show that when there are loose loops, the 
sutures under normal tension were capable of taking 
up some of the slack in adjacent loose loops. As 
might be expected, the sum of loop movements 
downward was similar to the sum of upward move- 
ments. There was no apparent movement of the 
normal oops distant from the loose loops. 
The data depicted with open upright triangles 
shows the position of the sutures at 150 mm Hg 
steady pressures after the vessels had been exposed to 
pulsatile pressures for 12 minutes. These data show 
that exposure to pulsatile pressures produced move- 
ment in addition to that produced by steady pres- 
sures. The double asterisks indicate statistically sig- 
nificant movement of suture loops after exposure to 
oscillating pressure relative to their position at 0 mm 
Hg, that is, the filled circles. The triple asterisks 
indicate statistically significant differences between 
the movements produced by 150 mm Hg steady 
pressure versus 150 mm Hg steady pressure. These 
experiments demonstrate that the methods used in 
these experiments were capable of detecting small 
movements of suture loops in a suture line contain- 
ing loose loops. They also show that in a suture line 
containing loose loops, pulsatile pressures can pro- 
duce suture movement, even beyond that produced 
by steady pressures. 
Pulsatile pressures and the movement of  su- 
tures with t ight loops. Fig. 3 shows the movement 
of suture loops for seven longitudinal arteriotomies 
in which five of the loops were deliberately made too 
tight. The format of  this figure is the same as Fig. 2. 
As in Fig. 2, the filled circles on the horizontal line 
show the location of the steel marker knots at 0 mm 
Hg, the filled inverted triangles how the position of 
the marker knots at 150 mm Hg steady pressure 
without exposure to pulsations, and the open up- 
right triangles how the position of the marker knots 
at 150 mm Hg steady pressure after the vessel had 
been exposed to pulsatile pressures for 12 minutes. 
These data show that, unlike the suture lines with 
loose loops (Fig. 2), suture lines with tight loops 
exhibit virtually no movement of the suture lines. 
None of the movements were statistically significant. 
Thus neither steady nor pulsatile pressures overcome 
suture-artery friction enough to redistribute the ten- 
sion in suture lines in which there are loops that 
inadvertently have been made too tight. 
D ISCUSSION 
Prolene sutures are widely used in vascular sur- 
gery. They are strong, ~,12-~4 resist deterioration, ~s-~7 
and slide through tissue with little friction 17,1s dur- 
ing construction of anastomoses. They resist infec- 
tion 19 and are relatively nonthrombogenic. 2° In most 
cases they are strong enough to bear the distending 
loads when they are used to close an arteriotomy, ~ 2 
but on some occasions they may break, usually 
within a few hours of surgery. 3-1° 
There are several possibilities as to why sutures 
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break. One is that the suture is subjected to excessive 
load relative to its tensile strength. Overloading may 
be caused by hypertension or longitudinal stretch) 
Calhoun and Kitten ~° described a case of  suture 
breakage after an episode of  forceful coughing. The 
suture also might be overloaded by pulling up the 
loops too tightly during construction of  the suture 
line. Friction between Prolene and the arterial wall 
prevents substantial movement of  the suture, and 
even exposure to pulsatile pressures does not redis- 
tribute the tension in loops that are too tight (Fig. 
3). Prolene suture lines are not weakened by expo- 
sure to steady or pulsatile pressures (Fig. 1 ), but may 
be weakened by chronic loading. I f  the loaded suture 
is able to creep to longer lengths, this may reduce the 
breaking force by as much as one third. 21 Remark- 
ably, chronically loaded sutures also break within 24 
to 48 hours o f  loading, the time when Prolene su- 
tures most often break in patients after surgery. 
A second possible mechanism of  suture breakage 
is that the suture is damaged in the operating room 
by the surgeon or nurse. 22,23 Damage can occur 
during handling from grasping with forceps and 
from the presence of  a stray knot. 22'23 Injury seems to 
be most critical when there is mechanical disruption 
of  the shiny outer surface of  the suture, a region 
where much of  the filaments' strength seems to re- 
side. 14 Roy and coworkers 22 elegantly demonstrated 
injuries to the suture surface using scanning elec- 
tromicroscopy. 
A third possible mechanism of  suture breal<age is 
that the filament is manufactured with a defect. Poly- 
mers such as Prolene suture may be manufactured 
with tiny cracks and other microscopic discontinui- 
ties. This does not mean that the materials are poorly 
made; rather, it suggests that tiny imperfections are 
inevitable during manufacture. 24Fracture mechanics 
theory is a method used to evaluate the behavior of  
such material defects and material failure. This has 
been applied to metals 2s and also to elastomers such 
as rubber. 26,27 Static stretch can cause cracks to 
grow, 27 but cyclic deformations are particularly effec- 
tive in causing them to propagate. 27,28 It is observa- 
tions such as these that stimulated the present studies 
on the effect ofpulsatile pressures on suture strength, 
but the present studies demonstrated that neither 
static pressure nor pulsatile pressures caused weaken- 
ing of  6-0 Prolene in a longitudinal suture line (Fig. 
1). 
The present studies also demonstrate little or no 
suture mot ion with pulsatile pressures. It was esti- 
mated previously that, on the basis of  the elastic 
modulus of  the suture and the stress oscillations 
associated with systolic and diastolic pressures, a typ- 
ical 6-0 Prolene suture line undergoes no more than 
2.7% changes in length with each systolic/diastolic 
pressure cycle. ~4 Even this small amount of  lengthen- 
ing can occur only if the suture line is free to be 
extended; if it is restrained by friction with the sur- 
rounding arterial tissue, then it can be extended less 
than 2.7%. The present data show that a normal 
longitudinal arterial suture line undergoes little re- 
distribution of  lengths (Fig. 3) unless there are loose 
loops (Fig. 2). Even though Prolene sutures slide 
readily through arterial tissue during construction of  
the suture line, they are held firmly by friction after 
completion and cannot equilibrate excessive forces. 
This is comparable with the frustration that one ex- 
periences when pulling up on the ends of  a boot lace 
in an attempt o adjust a distal loop; friction prevents 
the lace from sliding. I f  individual oops are inadver- 
tently made too tight, they will not equilibrate, and 
this may increase their risk ofbrealdng. Superimposi- 
tion o f  additional external oads, such as those that 
result from longitudinal extension of  the vessel with 
hyperextension of  the cervical spine 2 or coughing- 
induced hypertension, 9 might load the tight loops to 
near critical values. 
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